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Chemotherapy of Tuberculosis:
Medically important mycobacteria:

1- Mycobacterium tuberculosis
2- Atypical  mycobacterium
3- Mycobacterium leprea
Treatment of tuberculosis:

It remains the primary cause of death due to infectious disease. 

- organ involved ( primary lung

- drugs are divided into 2 groups:

· 1st  line

· 2nd line

Antimyobacterial drugs : 
1st line of drugs: 
   Isoniazide (INH)- 

  Rifampicin- 

 Ethambutol- 
  Strptomycin- 
  Pyrazinamide-  
Never use single drug treatment:
Isoniazide- Rifampicin combination  administrated for  9 months will cure  95-98% of cases. 
Addition of Pyrazinamide for this combination for the first 2 months allows total duration to be reduced to 6 months

( Isoniazide (INH)
-Bacteriostatic( for resting bacilli 
-Bacteriocidal (for rapidly dividing bacilli

-Is effective against intracellular (in the macrophage) as well as extracellular bacilli & caseous bacilli (pus) 
Mechanism of action:

-is a prodrug
-cell wall synthesis Inhibitor 
-inhibits synthesis of M.cell wall by inhibiting  mycolic acid which is essential component of mycobacterial cell wall
Pharmacokinetics:
 readily absorbed when given either orally (common route) or parenterally-
-Aluminum containing antacids interfere with absorption

Distribution:

-diffuse rapidly into all body fluids and cells

-detected in significant concentrations in pleural & ascetic fluids

-its concentration in CSF is significant in inflamed meninges (poorly pass BBB, not drug of choice for TB meningitis)
-penetrates well into caseous material

(widely distributed drugs)

Metabolism & excretion:
-75% to 95% of a dose of INH is excreted in urine within 24 hours

-mostly as metabolites

-the main excretory products in human result from enzymatic acetylation (genetically different)
Clinical uses:
- All types of mycobacterial infections ( it is recommended to be given with pyridoxine "vit B6" to avoid neuropathy CNS manifestation, b/c INH cause increase excretion of vit B6 )

-latent tuberculosis in patients with positive tuberculin skin test

-prophylaxis against active TB in individual which are in great risk as very young or immuno-compromised individuals (INH used for all types of active TB)
Adverse effects:

-Peripheral neuritis , optic neuritis & atrophy (avoided by vit B6 taking)
-Allergic reactions (fever, skin rash , SLE )

- Hepatitis (may be hypersensitivity reaction, non allergic)
- Hematological reactions (thrombocytopenia , leucocytosis , granulocytosis, hemolytic anemia ) 
- Vasculitis
- Arthritic symptoms (at any joint) common 

- CNS toxicity include: l
ack of mental concentration , memory loss(temporally)  , excitability & seizures , psychosis , (respond to pyridoxine), & GI upset but it's NOT common
Drug interaction of INH:

-Inhibits the hepatic microsomal enzymes cytochrome P450 & decrease metabolism of other drugs (especially , phenytoin) and increase their toxicity
(Rifampicin
-Bactiricidal

-Inhibits RNA synthesis( by binding to the β-subunit of bacterial DNA dependent RNA polymerase enzyme
لو حصل   mutation  في الــ  -subunitβ ( مارح يقدر يشتغل (  Resistance
Site of action: IMP MCQ
*intracellular bacilli

*extracellular bacilli

*bacilli in caseous lesion
The same as INH 

Pharmacokinetics:

مهمة جدا في علاج الأمراض المزمنة عشان المريض ما يتعب ويمل-well absorbed orally(  
-Amino salicylic acid (2nd line) delay the absorption of Rifampicin , (they should be given separately at an interval of 8-12 hours ) MCQ
Metabolism & excretion:

-metabolism in liver by acetylation & enters enterohepatic circulation

-half life 1.5-5 hours & increased in hepatic dysfunction

-eliminated in bile & feces (60-65%) mainly & 30% in urine

Distribution:

-distributed throughout the body organs fluids including CSF in effective concentration ( one of the drugs of choices for TB meningitis)
Clinical uses:



-All types of mycobacterial infections

-prophylaxis against active tuberculosis

-treatment of serious staphylococcal infections as osteomyelitis and endocarditis MCQ
-Meningitis by highly resistant pencillin pneumoccoci
But it is NOT prescribed routinely ONLY when indicated & there is no alternatives 

Adverse effects MCQ:

-Harmless red-orange discoloration of body sections ( urine ,sweat , tears ) & contact lenses ( soft lenses may be permanently stained) MCQ
-skin rash

-fever

-nausea & vomiting

-hepatotoxicity ( liver function test must be done
- (hepatitis , cholestatic jaundice)

-if administered less than twice weekly causes flu-like syndrome ( fever , chills , myalgias , hemolytic anemia , thrombocytopenia & acute tubular necrosis) MCQ
لازم ينتبه المريض لــ time , dose,  duration of the drug 
لأن أي لخبطة تغير الــ Kinetics & dynamic of the drug

Drug interactions:

-Potent inducer of hepatic microsomal enzymes ( cytochrome P450) ***ISH inter-acts with enzyme inhibitor***

-increase elimination of other drugs including:

Anticoagulants , anticonvulsants , contraceptives

(Ethambutol 

-bacteriostatic

-inhibits mycobacterial arabinosyl transferees ( inhibits polymerization reaction of arabinoglycan an essential component of mycobacterial cell wall)

Site of action:

-intracellular & extracellular bacilli (but NOT caseous)
Pharmacokinetics:

-well absorbed orally

-half life 3-4 hours

-75% of the drug is excreted unchanged in the urine , 15% as metabolite

Clinical uses:

Treatment of tuberculosis in combination with
دي شغلته الوحيده  other drugs
Adverse effects:

-Retrobulbar (optic) neuritis causing loss visual acuity and red-green color blindness

-Relatively contraindicated in children (under 5 years)

-GIT upset

-Hyperuricemia (decrease excretion)
( Pyrazinamide
(-prodrug (converted to pyrazinoic acid , the active form
-bactericidal

-acting on mycobacterial fatty acid synthase I gene involved in mycolic acid biosynthesis

Site of action:

-intracellular bacilli

Pharmacokinetics:

(كل الــ -well absorbed from GIT ( TB drugs
-widely distributed including CSF (cross BBB)
-half life 9-10 hours

-excreted primarily by renal route (dose must be adjusted in renal dysfunction)

Clinical uses:

-Mycobacterial infections (TB) mainly in multidrug resistance cases ( if it resist INH or Rifampicin)
-It is important in short-course (6 month regimen with Isoniazid and Rifampicin)
-prophylaxis of TB in combination with ciprofloxacin

Adverse effects:

-Hepatotoxic (most common) ( liver function test must be done
-Hyperuricemia (provoke acute gouty arthritis)

-Nausea & vomiting

-drug fever & skin rash

STREPTOMYCIN & AMIKACIN: 
-bactiricidal 

-inhibits of protein synthesis by biding 30S ribosomal subunits

-acting on extracellular bacilli
( poorly absorbed orally so ( administered parenterally, & it's used in special cases)

Clinical uses:

-severe , life threating form of TB .as meningitis , disseminated disease , infections resistant to other drugs ( multi- drug resistance tuberculosis)

-in aerobic gram –ve bacterial infections
(no cross resistance between strept & amikacin)
Adverse effects:

-ototoxicity (deafness)

-nephrotoxicity

-neuromuscular block

Contraindications:
(لأنه ممكن يسويneuromuscular block )  -mysthania gravis
-pregnancy ( may cause congintal deafness
MCQ: 1st line of drugs are …

        2nd line of drugs are …


Indication of 2nd line treatment:
ما يصلح ننط للــ 2nd  line  إلا إذا فيه سبب مقنع
-Resistance to the drug of 1st line

-Failure of clinical response

-There is contraindication for first line drugs

-Patient is not tolerating the drugs first line drugs
Ethionamide
-blocks synthesis of mycolic acid

-prodrug , bacteriocidal
-is converted to active form (sulfoxide)

Pharmacokinetics:

-Absorbed from GIT , given only orally MCQ
-Rapidly & widely distributed

-Half life 2 hours

-Metabolized in liver , less than 1% is excreted in active form in urine

-Inhibits the acetylation of INH (increase its toxicity, u need to adjust the dose)

Clinical uses:

-Is a secondary agent , to be used concurrently with other drugs when therapy with primary agents is ineffective or contraindicated

Adverse effects:

-Gastric upset : Anorexia , nausea , vomiting , gastric irritation MCQ
-about 50% of patients are unable to tolerate a single dose more than 500mg
-CNS symptoms include: mental depression , drowsiness , convulsion & peripheral neuropathy , headache , (pyridoxine relieves the neurologic symptoms)
يشبه الــ INH  لكـــن الـــ INH  أكثر شي يأثر فيه هو الCNS  أما الــ Ethionamide  أكثر شي يأثر فيه هو GI upset 
-Severe hypotension (central action through vasomotor center MCQ)
-Allergic skin reaction

-Hepatitis

-Alopecia (loss of hair) -reversible
-Metallic taste
Capreomycin
-Aminoglycoside 2nd line 
-It is important injectable agent for treatment of drug-resistant tuberculosis among the 2nd line drugs
-It is nephrotoxic and ototoxic

-local pain & sterile abscesses may occur related to injection 
Cycolserine:
-inhibitor of cell wall sythesis

-cleared renally

-the most serious side effects are peripheral neuropathy and CNS dysfunction , including depression & pysochotic reaction

-pyridoxine should be given ( drugs given with Pyridoxine: INH, Ethionamide, Cycolserine)
-contraindicated in epileptic patients
Amikacin: 1st line drug IMP
-used as alternative to streptomycin

-used in multidrug- resistance tuberculosis

-no cross resistance between streptomycin & amikacin
Ciprofloxacin & Levofloxacin:

-effective against typical and atypical mycobacteria

-used against multidrug-resistant tuberculosis

-used in combination with other drugs
Rifabutin:

-as Rifampicin , it is RNA polymerase inhibitor

-cross resistance with rifampicin but not to all microorganisms
-enzyme inducer of cytochrome P450

-effective against typical and atypical mycobacteria
Pharmacokinetics:
-Absorbed from GIT

-lipophilic drug (its conc. In tissues ˃ conc. In plasma)
-excreted in urine & bile

-adjustment of dosage is not necessary in patients with impaired renal function ( cause it mainly  excreted through bile  bas ma ne36eh bel liver diseases)
Clinical  uses:

-Treatment of TB in HIV infected patients MCQ ( replaced rifampicin , because it لأن لأن الــHIV pt  يستخدمون الـ antiviral drugs وما نبغاها تتأثر less potent enzyme inducer) ( 
-prevention of tuberculosis

-prevention & treatment of disseminated atypical mycobacterial infections in AIDS patient

Adverse effects:

-skin rash4%

- GIT intolerance 3% 

-neutropenia 2% 

- arthralgia

-orange-red discoloration ( skin , urine --- as rifampicin but less effect)
النسب غير مطلوبة ولكن وضعت لإيضاح ضآلة الخطر
Drug interaction:

-enzyme inducer of cytochrome P450 enzymes less potent
Aminosalicylic Acid (PAS):

-similar in structure to sulfonamide and para-aminobenzoic acid (similar in the adverse effects & actions, Dapsone is also similar to them ( )
-bacteriostatic

-folate synterhsis inhibitor

Pharmacokinetics:

-well absorbed from GIT

-best given after meals ( gastric irritation)
-distributed throughout the total body water & reaches high concentration in pleural fluid & caseous tissues

-CSF levels are low

-half-life one hour

-80% of the drug is excreted in urine as metabolites

Clinical uses:

-as a second line agent is used in the treatment of pulmonary & other forms of tuberculosis

Adverse effects:

-GIT upset ( anorexia , nausea , epigastric , pain , diarrhea)

-hypersensivity reaction

-hematological troubles ( leucopenia ,agranulocytosis , eosinophilia)

-crystalluria (as sulfonamide)
Clofazimine
As stated earlier (drugs used in Leprosy ) ( 


DRUG  REGIMENS: IMP
-6 months duration :


A) first 2 months: INH + rifampicin + pyrazinamide IMP   + ethambutol or streptomycin or Amikacin
B) last 4 months : INH + rifampin
Leprosy therapy is Not less than 2 years 

-if there is possibility of drug resistance , ethambutol or streptomycin or even second line drugs is added

Depending on:

-type of resistance

-sensivity of microoroganisms
-we give drug combination to :

1-avoid the emergence of resistance

2-increase therapeutic efficacy

3-decrease: dose , frequency of dose administration , adverse effects

Treatment of tuberculosis in pregnant women:

As previously mentioned , but streptomycin is contraindicated because can cause congenital ototoxicity
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